This study records the third consecutive year of high winter losses in managed honey bee colonies in the USA. Over the winter of 2008-9 an estimated 29% of all US colonies died. Operations which pollinated Californian almond orchards over the survey period had lower average losses than those which did not. Beekeepers consider normal losses to be 17.6%, and 57.9% of all responding beekeepers suffered losses greater than that which they considered to be acceptable. The proportion of operations with the Colony Collapse Disorder (CCD) symptom of "no dead bees in the colony or apiary" decreased in this period as compared to the previous years. The proportion of colonies dying from apparently manageable conditions, however, such as starvation or a weak condition in the fall increased as compared to previous surveys.
Introduction
High rates of overwintering mortality in US honey bee colonies have been reported for the winters of 2006 -7 and 2007 -8 (vanEngelsdorp et al., 2007 vanEngelsdorp et al., 2008) . These overwintering losses (32% and 36%, respectively) have not resulted in a pronounced decrease in the number of honey producing colonies managed by US beekeeping operations in the subsequent summers (USDA-NASS, 2009a; b) . This apparent discrepancy is explained by beekeepers' ability to replace dead colonies by either purchasing package bees or splitting existing colonies. This practice does not come without cost, however, and the additional financial burden placed on beekeepers, especially commercial beekeepers, will probably cause some to leave the industry (vanEngelsdorp and Meixner, 2009) . The contraction in the number of beekeepers is not new. Since the 1980s, the number of large beekeeping operations has declined steadily, but those surviving operations tend to manage larger numbers of colonies (Darerkow et al., 2010) .
Honey bee colony losses are of concern not only to those operators who make their livelihood with honey bees, but also for those who rely on a movable honey bee force for pollination.
Globally, the number of colonies available for pollination has been increasing steadily over the last 60 years, but this increase has not kept pace with the increased agricultural acreages planted with pollinator dependent crops (Aizen and Harder, 2009) . Should this trend continue, a shortage of pollinators can be expected. This is especially true for the United States, where the number of managed honey bee colonies has decreased by 61% since 1947 (vanEngelsdorp and Meixner, 2009) . Nowhere is the lack of potential pollinators more pronounced than in the almond groves of California, where by 2012, an estimated 2 million colonies (some 86% of current honey bee stocks) will be required for pollination (Sumner and Boriss, 2006) . This estimate, however, is likely an over projection, as it could not have predicted the removal of mature almond orchards in the spring of 2009 due to severe water restrictions.
The underlying reason for high colony losses is not completely understood. In previous surveys, queen failure, starvation and Varroa destructor mites were identified as leading causes of winter mortality (vanEngelsdorp et al., 2008) . Another important contributor to mortality has been Colony Collapse Disorder (CCD). One of the key characteristics of this syndrome is that it leaves affected colonies and apiaries devoid of dead bees. Recent studies have implicated the presence of picorna-like viruses as the cause of death of these colonies (Johnson et al., 2009; vanEngelsdorp et al., 2009) . A failure to identify a single organism in all affected colonies suggests, however, that some underlying factor may predispose colonies to infection (Cox -Foster and vanEngelsdorp; vanEngelsdorp et al., 2009 ).
In keeping with previous years' efforts, this survey is an attempt to quantify the mortality of overwintered colonies in the US over the winter of 2008-9. It compares the rate of loss by operation size and activity, and also quantifies the suspected reasons for loss as reported by the surveyed beekeepers. There were three components to the survey: AIA; USDA; and e-mail which are explained below. 
Materials and methods

AIA survey
Email survey
The same survey questions were sent by Email to BEE_L, an internet mailing list, and to all Pennsylvania state local association presidents (n = 13) who were requested to send the questionnaire to all beekeepers on their e-mail distribution lists. The letter asked beekeepers to respond to a dedicated Email account. The results of three surveys, AIA, USDA, and e-mail survey, are reported here.
Submissions that appeared in more than one survey are only reported once.
Calculations
For the telephone survey, the results of eight beekeepers (who managed a total of 16,437 colonies in September) were removed because incomplete data prevented the calculation of winter losses. to determine the average loss among subgroups. Point estimates of the 95% Confidence Intervals (CI) were also calculated (Koepsell and Weiss, 2003) . In cases where the total number of respondents for a reported group was less than 60, a normal distribution was not assumed and a t-distribution (based on n-1) was used to calculate the 95% CI (Paoli et al., 2002) . 
Results
Total national losses
In the AIA survey, 16 state apiarist offices assisted in conducting the telephone survey in their respective states. In total, the AIA surveyed Four hundred and four beekeepers responded to the Email survey.
These beekeepers managed a total of 8,648 colonies. The total loss reported by this group was 56.9% (95% CI: 52.0-61.7%) with an average loss of 35.8% (95% CI: 32.5-39.3%).
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The three datasets (AIA, USDA, and Email) were combined and Losses by operation classification (size, multi state, and CA almond pollinators)
While commercial operations tended to have lower total and average losses, these losses were not significantly different from the losses reported by part time and sideline operations (Table 1 ; Fig. 1 ).
Operations that managed bees in more than one state did not suffer appreciably greater losses than operations that managed bees in only one state ( and sideline operations moved their colonies more frequently than part time operations (Student's t test P < 0.0001). There was a weak (Spearman R 2 = 0.05), but significant (P = 0.039) negative correlation between the frequency of hive movement and colony mortality.
Operations that utilized some or all of their colonies for almond pollination in California had lower average losses than operations that
were not used for almond pollination (Student's t test, P = 0.002; Table 3 ; Fig. 3 ).
Losses in operations reporting at least some CCD like symptoms
One of the symptoms of CCD is the complete absence of bees in dead colonies or apiaries. This survey did not allow differentiation between true cases of CCD and colonies that were lost due to other causes that share the "absence of dead bees" symptom. Only 26.2% of operations (n = 598) reported having colonies with this symptom. Although operations that experienced this symptom had elevated total losses (31.8%; 95% CI: 24.5-39.1%) as compared to losses in operations that did not report this symptom (26.8%; 95% CI: 22.6-30.9%), this difference was not statistically significant (χ 2 = 2.56, P = 0.10).
Commercial operations were 2.9 and 1.2 times more likely to report having some of their colonies die without the presence of dead bees when compared to part time and sideline beekeepers, respectively ( χ 2 = 1592, P < 0.0001; Of the operations that reported a reason for colony loss (n = 571), 69 (12%) said they did not know and 339 (59%) listed only one factor as being responsible for their losses. Those reporting more than one reason were counted multiple times. The top nine reasons given to explain colony loss were starvation, poor quality queens, weather, mites, colonies that were weak in the fall, Nosema, management, CCD, and pesticides (Table 5 ). Other factors that were mentioned, but were reported by fewer than 4% of respondents were mammals (including human vandalism, bears, and mice; 2.3%), viruses (2.1%), small hive beetles (1.9%), and nutrition (1.1%). All other factors, including disease, dwindle, and colonies knocked over by wind were reported by less than 1% of respondents.
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The average operational loss experienced by operations reporting queen failure as the major reason for loss was lower than for those that did not (Table 6 ). However, operations that reported weather, CCD, and management as the principle reasons for their losses had higher average losses than those not reporting those factors (Table 6 ).
Losses by state
Considerable variability in total and average losses was reported from the various states (Table 7 ; Fig. 1 ). Only those states that had more than six respondents were included (disqualifying AL, AZ, CO, CT, DC,
IL, IN, KY, MN, MT, NE, NH, NJ, NM, OR, RI, SC, VT, WV). In cases
where bees were kept in more than one state, the losses were included in all states in which bees were kept. The number of beekeepers that were counted in more than one state and the total percentage of hives they managed in the respective states are presented (Table 7) . moving colonies was not a significant factor in contributing to winter losses as is often cited as a possible underlying stress making bees more susceptible to disease in general and CCD specifically (Oldroyd, 2007) . This is not to say that moving bees does not or cannot cause stress, especially when bees are moved many times in a year; rather it implies that the stress caused by moving (if any), is minimal or can be compensated for by beekeeper management.
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A notable difference in the winter losses reported over the winter While weather, in itself, is not a factor over which beekeepers have control, its adverse effects can be mitigated. Wrapping colonies over winter, providing supplemental feed, and ensuring adequate colony ventilation can improve winter survival in poor weather. Indeed, many of the factors ranked as the leading cause of mortality are closely linked to management; starvation was ranked either the leading or second leading cause of mortality in all three survey years, weakness in the fall was ranked as the 5 th most important factor in 2008-9, and management itself was considered an important contributor to overwinter mortality by 8% of operations over the same winter. Understanding the root causes leading to poor management decisions would thus be an appropriate focus of future research and extension efforts.
In summary, this survey effort records a total loss of overwintering colonies of nearly 29% with average operational losses of 34% of colonies. This suggests that between 584,000 and 771,000 colonies were lost in the US over the winter of 2008-9. Losses in operations that pollinate almonds in California were lower than those in operations not pollinating almonds. While the proportion of colonies lost with the CCD symptoms of no dead bees in the colonies or apiary was lower when compared to previous years, the number of colonies lost to factors that can be mitigated by appropriate management practices seems to be increasing.
